The purpose of this study is to synthesize and characterize various 5-(Ri) and 5'-(R 2 ) substituted derivatives of L Η and their complexation with Zn(II), an oligo element, using spectroscopic methods, analytical data and molar conductivity.
Introduction 2-(2-Hydroxyphenyl)-lH-benzimidazole (L'H)
is an important compound and a classical ligand. It is antifungal against Botrytis cinerea [ 1] , and antinematodic towards Trichinella spiralis [2] , Syphacia obvelata [3] , Nippostrongylus brasiliensis [A] . In addition, it showed antihelmintic [5, 6] and antipoliovirus activity [7] , On the other hand, Ag(I) complex of L*H has antibacterial and antifungal effect [8] .
In the literature, many metal complexes of L'H were studied. For example, complexes of L'H with Cu(II), Ni(II), Co(II), Zn(II) [9, 10] ; VOSO4 [11] , Cu(OAc) 2 [12] , Pd(II) and Pt(II) [13] were investigated. Also with some of the rare earth elements [14, 15] , U0 2 [16] Mo and W complexes [17] were obtained. On the other hand, analytical stability constants of some metal complexes of L'H were determined [18] [19] [20] [21] , and L*H coordinated to Cr(I) [22] and Mo(VI) [23^24] as a secondary ligand in the mixed complexes.
The purpose of this study is to synthesize and characterize various 5-(Ri) and 5'-(R 2 ) substituted derivatives of L Η and their complexation with Zn(II), an oligo element, using spectroscopic methods, analytical data and molar conductivity.
Materials and Methods

Apparatus
'H-NMR spectra (200 MHz) were recorded on a Broker Ac-200 FT-NMR spectrometer (TUBITAK, Turkey) and chemical shifts were referenced relative to Me 4 Si. IR spectra were recorded in KBr disks on a Mattson 1000 FT-IR spectrometer. Analytical data were obtained with a Carlo Erba 1106 analyzer (TUBITAK, Turkey) and Varian SpectrAA 220/SS atomic absorption spectrometer. The molar conductance of the compounds was measured in DMSO on a WPA CMD 750 conductivity meter. All the chemicals used were reagent grade.
Synthesis of the Ligands
The ligands were prepared by the reaction of the addition product of aldehydes with NaHS0 3 and 4-R-l,2-phenylenediamines [9] . 4-R-l,2-phenylenediamines (R=H, CH 3 , CI, N0 2 ) and salicylaldehyde were used for synthesis of L 1 H. In synthesis of ΐΛϊ and L 6 H, 5-bromo-and 5-nitro-salicylaldehyde were used, respectively. were reacted in 25 ml «o-propylalcohol under reflux for 4 h. After then the solution volume was diminished to 10 ml by evaporating and 5 ml petroleum ether was added. This mixture was kept at a refrigerator for a week and the precipitate was filtered off, washed with 5 ml petroleum ether and dried. Zn(L ) 2 : 105 mg L 6 H (ca. 0.4 mmole) was suspended in 25 ml «o-propylalcohol and to this mixture 62 mg Ζη(Ν0 3 ) 2 ·6Η 2 0 (ca. 0.2 mmole) was added and refluxed for 4 h. The mixture was kept at room temperature overnight and the precipitate was filtered off, washed with 5 ml petroleumether and dried. The electronegative groups, CI, Br, N0 2 , increase the solubility of the complexes, on the contrary, hydrogen and methyl substituents decrease it. It was observed that, the electronegative groups, CI, Br, N0 2 , also increased the acidity of the ligands [25] .
Molar Conductivity
The 
IR Spectra
The IR spectrum of L'H was studied in the literature. L'H and its complexes with Cu(II), Ni(II), Co(II), Zn(II) iodide, bromide [9] , and acetate salts [10] were obtained and found to be M(L ! ) 2 . In addition, it was reported that, in the Hg(II) [26] , VOSO4 [11] , PbCU complexes [27] , the coordination occurred through the nitrogen atom with double bond, and the oxygen atom by the elimination of the OH hydrogen. It was determined that L 1 gave square planar complexes with Cu(II), Ni(II) [28] , Pd(II) and Pt(II) ions [13] ; and tetrahedral with the Co(II) ion [29] , On the other hand, the complexes in which L*H acted as a monodentate ligand, were obtained with rare earth elements [30] and U0 2 2+ [16] . The important IR spectra frequencies are given in Table 2 . In the spectra of the ligands, the N-H stretching vibration frequencies appear at ca. 3300 cm" 1 as a sharp band, and change to a broad band in the complexes. The O-H stretching vibration bands lie in the 3200-2700 cm" 1 region as a rather broad band due to hydrogen bonding. The v(C=N) frequencies are seen around 1600 cm* 1 as a medium band. The sharp or medium bands in the 1460 -1495 cm" 1 region are assigned to the aromatic v(C=C). The C-O stretching vibration frequencies appear between 1250-1280 cm" 1 as medium or sharp bands. The sharp or medium bands around 740 and 830 cm" are due to the out-of-plane deformation bands for the aromatic C-H. 
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example, upon complexation the broad band between 3200-2700 cm" 1 because of the hydrogen bonding diminishes considerably. This indicates that the hyrogen bonding is partially removed in the complexes. The v(C=N) frequencies shift to the left as 7-20 cm" 1 and the bands weaken relatively. The v(C=C) and v(C-O) bands also shift to the higher or lower field in the IR spectra of the complexes compared to the ligands.
In the spectra of L 4 H, the bands at 1538 m, 1338 s, in that of L 6 H at 1590 s, 1339 cm" 1 (s) are assigned to the symmetric and asymmetric v(N0 2 ), respectively. The medium band at 2915 cm' 1 is due to stretching vibration of CH 3 group in the L 2 H. The C-Cl and C-Br stretching vibrations are at 592 (m) and 585 cm" 1 (m) in the spectra of L 3 H and L 5 H, respectively. This frequencies shift to 600 (m) and 650 cm" 1 (m) in the complexes, respectively.
' Η NMR Spectra
The 'H-NMR data with coupling constants are given in Table 3 .
In the 1 H-NMR spectra of the ligands and the complexes the NH resonance appears ca. 13 ppm as a broad singlet. The sharp characteristic of the NH resonance is in the following order: L ! H>L S H>L 6 H>L 2 H>L 4 H>L H. This means that the substituents increase the fluxionality of the NH proton because of the resonance through the N""C""N system, or it can be said that the acidity of the NH proton is increased. This increase is relatively higher in case of the δ-effective benzen ring substituents according to the phenol ring substituents. Therefore, it can be said that the b-effective groups at the Ri position decrease the electron density of the N""C**"N system while those at R 2 position increase it.
The sharp characteristic of the NH resonance is in the following order in the Zn(II) complexes:
This order is almost the same as that of the ligands. As a different, the acidity of the NH proton is relatively decreased in the complexes containing nitrate ion, [Zn(L Table 3 ). Determination of protons f, g and h is very difficult in the spectra of L 14 H and their Zn(II) complexes. Because the resonance of f, g and h are complex patterns. However, the resonance of protons e, g, h can be seen clearly favor of the phenol ring R 2 substituents in the spectra of L S H, L 6 H and their complexes.
Protons b and c appear as a complex pattern in the spectra of L'H, L Η and their complexes. Protons f and g of L I_4 H are also complex patterns but they are separated in the complexes as a doublet or doublet of doublets.
Proton e at the phenol ring give a doublet due to interaction with g in the spectra of L S H and L S H, (J values are 2.0 and 2.8 Hz, respectively). In line with that, proton g of L S H and L 6 H give a d-d system due to an interaction of g with h and e. However, in the spectra of [Zn(L 5 ) 2 ](HN0 3 ) 2 and Zn(L 6 ) 2 , this doublet changes to a singlet.
In the complexes of L 1 "
4
, especially phenolic protons' resonance shifts to the right probably due to the L-»M charge transfer transition, while it shifts to the left due to the M-»L charge transfer in the [Zn(L s ) 2 ](HN0 3 ) 2 and Zn(L 6 ) 2 . All of the complexes have 2:1 M:L ratio, and in all of the complexes coordination occurs through the C=N and OH groups. Considering molar conductivity, IR and 'H-NMR spectral data, the formulas in Figure 2 are proposed for the Zn(II) complexes of L u6 .
